We adapt an analytical model presented in our previous work 1 to describe the fringes observed in the near-field optical image of the fundamental flexural vibration mode shape of the nanomechanical resonator shown in Fig. 2 (b) and (d). The geometry of the problem is shown in Fig. S1 (a). The nanomechanical resonator has the following dimensions: length = 9.6 m, width ~ 1.0 m, and thickness = 250 nm comprised of silicon with thickness of 200 nm and a 50 nm thick chromium film. In the analytical model, the total electric field at a given position of the probe-tip is given by
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Analytical model of intensity fringes
We adapt an analytical model presented in our previous work 1 
where the subscripts i, sp_edge and sp_probe represents the projection of the illumination source along the nanomechanical resonator surface, SPPs excited by light diffraction at the edges of the resonator, and SPPs coupled to the resonator from the plasmonic probe-tip. The complex electric field amplitudes of the three terms in Eqn.
(S1) are, Each data point in the image corresponds to the optical signal demodulated at the difference of the fundamental bending mode resonance frequencies of the AFM cantilever and the nanomechanical resonator. The optical image has two distinct features, namely, vertical interference fringes aligned along the x direction, and a mode shape that is non-symmetrical about the center of the nanomechanical resonator. Unlike the previous example, the fringes in the optical image result from interference of edge excited SPPs at the crack and the projection of the illumination source on the nanomechanical resonator surface. The edge excited SPPs propagate in the opposite direction to the projection of the illumination source on the chromium film as illustrated in the Fig. S2(a) . We account for the counter-propagating electric fields terms by redefining the field terms as follows,
The term in Eqn. (S4) is a constant phase offset. We sum up the field terms in Eqn.
(S4) to obtain the intensity of the scattered optical field, following ∝ | ( , 0) + _ ( , 0)| 2 , which yields a oscillatory term with a fringe wavelength of 
Monte-Carlo-Simulation
We implemented a numerical simulation in MATLAB in order to estimate the displacement sensitivity of our near-field detection scheme. A simulated discrete time series of the photodetector output voltage is generated according to the following
The sampling rate is chosen such that /2 = 5 , that is, the Nyquist frequency is five times the nanoresonator frequency. Each term in Eqn. (S5) is discussed in detail below.
The sensitivity, ℜ, is calibrated by comparing the simulated signal to the experiment for a harmonic beam displacement of 100 pm. The behavior of the lock-in amplifier is simulated by numerically demodulating the photodetector signal according to 
The thermal vibration noise of the un-driven AFM cantilever is measured using the optical lever detector in the AFM controller unit, and the noise power spectral density ℎ ( ) of the measured data is integrated near to obtain the mean squared thermal noise displacement, as described using the mathematical relation below, 
